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Herein we describe a new strategy for preparing the dicyclo-
penta[a,d]cyclooctenyl (5-8-5) ring system found in natural
products such as those illustrated in Figure 1.1 Several novel
transformations, including a selective [2+ 2] photocycloaddition
on highly functionalized cyclobutenes followed by a thermal
fragmentation of the resulting photoadducts are highlighted in
this approach. The convergent sequence generates the desired
5-8-5 ring systems in as few as six steps from readily available
materials.2 Moreover, the stereochemical outcome of the reactions
provide notable mechanistic insight into the key transformations.

With the introduction of a rapid means of generating func-
tionalized cyclobutenes (1),3 we envisioned new opportunities for
constructing important and synthetically challenging natural
products.4 Our plan for the expedient preparation of the 5-8-5
ring system is summarized in eq 1. The first step requires a

chemo-, regio-, and stereoselective [2+ 2] photocycloaddition
between cyclobutene1 and cyclopentene2 to provide the strained
photoadduct3. Subjecting this compound (3) to conditions that
selectively fragment the C-C bonds of the central cyclobutane
(C2-C10, C3-C9) might then provide the desired product (4)
in just two steps.5

While an intermolecular [2+ 2] photocycloaddition between
cyclobutene1 and unsymmetrical cyclopentenes2 can produce

several regio- and stereoisomers, we were encouraged to find that
some selectivity was indeed observed in this reaction.6 For
example, as illustrated in Table 1, only two regioisomers were
formed in a photocycloaddition between cyclobutene5 and
cyclopentenone6 (entry 1). Furthermore, the selectivity was
enhanced considerably in photocycloadditions with 2-methylcy-
clopentenone8 (entries 2-5), producing predominantly one regio-
and stereoisomer. Structural assignments of these architecturally
interesting photoadducts were made through NMR studies, and
in some cases, confirmed by X-ray crystallography. Figure 2
illustrates the Ortep plot of photocycloadduct9.

Examining the cyclobutane bonds in the photoadducts provided
some support for the proposed mode of fragmentation.7 In
comparison to the length of certain cyclobutane C-C bonds (i.e.,
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Figure 1. Natural products with 5-8-5 ring systems.

Figure 2. Ortep plot of photocycloadduct9.

Table 1. Intermolecular Photo[2+ 2]cycloaddition

a Minor isomer has carbonyl group on opposite side of cyclopentane
ring.
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C2-C3 and C9-C10, 1.53 Å),8 the C-C bonds that we planned
to cleave (C2-C10 and C3-C9, 1.57 Å) appear elongated.
Furthermore, successful solution- and vapor-phase thermolyses
on simpler but related cyclobutane-containing substrates have been
reported.9 Alternatively, treatment of the strained systems with
electrophiles or transition metals might also effect the desired
transformation.10 After a brief survey of reaction conditions, we
found that simply heating the photocycloadducts in benzene
cleaved the desired C-C bonds with the highest reproducibility.11

The thermolysis results are summarized in Table 2. In some
cases only a modest yield of the desired cyclooctanoid product
was obtained along with mixtures of unidentified compounds (e.g.,
entry 1). The yields improve significantly for substrates possessing
a methyl group at the ring fusion adjacent to the carbonyl group
(entries 2-5). Presumably, the quaternary center may serve to
minimize the involvement of the carbonyl in unproductive side
reactions under the forcing reaction conditions.

Of special significance is the relative stereochemistry of the
cyclooctanoid products compared to that of the photoadducts.
Contrary to expectations, the thermolysis of photoadduct11
produced cyclooctadiene17, a compound with an unanticipated
stereochemical inversion at C8. Clearly this product is the result
of more than a simple fragmentation of the central cyclobutane
ring in 11. In a similar fashion, substrate13 yielded compound
18 with the same C8 stereochemical change. In comparison,
thermolyses of compounds15 and9, with epimeric functionality
at C1 (relative to11 and13), provided a different outcome. In
these cases, cyclooctadiene-containing products (19and20) were
obtained where a configurational change occurred at C14 instead
of C8. Notwithstanding the stereochemical features, this strategy
provided the functionalized 5-8-5 ring systems in only two steps
from the corresponding cyclobutenes.

Additional work is required to differentiate between various
mechanistic pathways possible; however, one scenario is sug-
gested in Scheme 1. The diradicals12 formed through cleavage of
either the C2-C10 or the C3-C9 bond could collapse back to
photoadducts or fragment to the correspondingcis,trans-1,5-
cyclooctadiene products (e.g.,f A′, or f A). For photoadduct
I (RR, eq 2), transannular interactions should favor the formation
of conformerA′, whereas, for isomerII (âR, eq 3), formation of
A should be favored. The isomerization of the corresponding
trans-olefin in the cyclooctadiene systems could then occur
through a Cope rearrangement (f B′, or B), bond rotation (f
C′, or C), and a second rearrangement.13 This mechanism implies
that the C1 stereochemistry of the photoadduct dictates the
stereochemistry of the resulting products (I f III andII f IV ).

Overall, the reaction strategy represents a rapid and effective
means of preparing 5-8-5 ring systems. The concise sequence
includes a stereo- and regioselective [2+ 2] photocycloaddition
on functionalized cyclobutenes followed by a thermolysis of the
resulting photoadducts. Insight into the course of the fragmentation
is offered through the stereochemical relationship of the substit-
uents on the resulting eight-membered ring. Application of this
strategy toward the efficient preparation of natural product targets
is under investigation.

Acknowledgment. The Clare Boothe Luce Foundation and Procter
& Gamble (ACS fellowship) are gratefully acknowledged for graduate
student fellowships (M.L.R.). We thank the National Institutes of Health
and the National Science Foundation for providing funding for our
research program and the National Institutes of Health (1S10 RR09008)
for the Siemnen SMART X-ray instrumentation grant. M.L.S. is an Alfred
P. Sloan Fellow, Camille Dreyfus Teacher-Scholar, Lilly Grantee, DuPont
Young Professor, and a Glaxo Wellcome Chemistry Scholar.

Supporting Information Available: Experimental procedures and
data on new compounds and crystallographic data for compounds9, 15,
17, and19 are provided (PDF). This material is available free of charge
via the Internet at http:/pubs.acs.org.

JA990543C(8) Refer to compounds3 and4 in eq 1 for numbering scheme.
(9) (a) Martin, H.-D.; Eisenmann, E.Tetrahedron Lett.1975, 661-664.

(b) Cobb, R. L.; Mahan, J. E.; Fahey, D. R.J. Org. Chem.1977, 42, 2601-
2610. (c) Walsh, R.; Martin, H.-D.; Kunze, M.; Oftring, A.; Beckhaus, H.-D.
J. Chem. Soc., Perkin Trans. 21981, 1076-1083. (d) Martin, H.-D.; Hekman,
M.; Rist, G.; Sauter, H.; Bellus, D.Angew. Chem., Int. Ed. Engl.1977, 16,
406-407. (e) Martin, H.-D.; Eisenmann, E.; Kunze, M.; Bonacic-Koutecky,
V. Chem. Ber.1980, 113, 1153. For examples of related compounds, see: (f)
Dave, P. R.; Duddu, R.; Li, J.; Surapaneni, R.; Gilardi, R.Tetrahedron Lett.
1998, 39, 5481. (g) Bakkern, F. J. A. D.; Schro¨er, F.; Klunder, A. J. H.;
Zwanenburg, B.Tetrahedron Lett.1998, 39, 9531-9534.

(10) For representative examples, see: (a) Sohn, M.; Blum, J.; Halpern, J.
J. Am. Chem. Soc.1979, 101, 2694-2707. (b) Wristers, J.; Brener, L.; Pettit,
R. J. Am. Chem. Soc.1970, 92, 7499-7501. (c) Paquette, L. A.Synthesis
1975, 347-357. (d) Bishop, K. C., IIIChem. ReV. 1976, 76, 461-486. (e)
Paquette, L. A.; Beckley, R. S.; Farnham, W. B.J. Am. Chem. Soc.1975, 97,
1089-1100. (f) Murakami, M.; Takahashi, K.; Amii, H.; Ito, Y.J. Am. Chem.
Soc.1997, 119, 9307-9308.

(11) Typical thermolysis conditions: A degassed solution of photoadduct
and BHT in benzene was heated to 200-240°C in a heavy-wall sealed tube.
The reaction was monitored by GC and was usually complete after 2-4 h.
The reaction was concentrated, and the cyclooctanoid-containing product was
purified by silica gel chromatography.

(12) (a) Wiberg, K. B.; Matturro, M.; Adams, R.J. Am. Chem. Soc.1981,
103, 1600-1602. (b) v. E. Doering, W.; Roth, W. R.; Breuckmann, R.; Figge,
L.; Lennartz, H.-W.; Fessner, W.-D.; Prinzbach, H.Chem. Ber.1988, 121,
1-9. (c) Schaumann, E.; Ketcham, R.Angew. Chem., Int. Ed. Engl.1982,
21, 225-247. (d) Berson, J. A.; Tompkins, D. C.; Jones, G., IIIJ. Am. Chem.
Soc.1970, 92, 5799-5800. (e) Allred, E. L.; Hinshaw, J. C.Tetrahedron
Lett. 1972, 5, 387-390. (f) Roth, W. R.; Martin, M.Tetrahedron Lett.1967,
3865-3866.

(13) (a) Berson, J. A.; Dervan, P. B.J. Am. Chem. Soc.1972, 94, 7597-
7598. (b) Berson, J. A.; Dervan, P. B.; Jenkins, J. A.J. Am. Chem. Soc.1972,
94, 7598-7599.

Table 2. Thermal Fragmentation of Photoadducts Scheme 1.Proposed Fragmentation Mechanism
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